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* Full Interactive Mission Support Thermal Model Needed for
LUROVA Book and STEM Challenge Simulation for Students
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* Original “Full” Rover Thermal Model Nodes and Linear Conductors
Located, But No Surface Model for Radiation Conductors and Heat Rates

« Candidate “Lightwave” Rendered Polygons Used for Rover Poster

Apollo Lunar Rover ‘f*\

Rover 3D Model and Poster Created by Don McMillan

911,509 Surface Polygons with
489,731 Vertices

« Too Many Polygon Surfaces for TRASYS 4000 Node Limit
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Polygon Reduction/Conversion (R/C) Process Developed

Render * Polygons Reduced and Converted to Trapezoids for TRASYS
Engine
[ Existing Software lwo = Lightwave Object File
model.lwo | Detailed Polygons = Developed Software obj = Wavefront Object File
v [ Thermal Model Elements stl = Stereo Lithography File
@ 3D Printer Model
3D Web T (» Heat Rate Plots
Browser T
Magics
selected.lwo | Selected Nodes OS] PGNUPLOT
Y F 3
F
® Polygon selected.stl Surface Heat Rates
Cruncher s
: External trasys.inp Expanded fo 8000 »| _PLOT |—(® Surface Plots
selected.obj | Reduced Polygons Surface Nodes, and
| Surface Nodes SURFP for Solar Heating
; Heat Rate Tables |Surface Node
IVREAD 'CI';rapezmdL-‘,c,j | Areas !
orrespond. -
'Ete;“a' Driving, Attitude & —lexternal Heat] | oo
converted.obj Faces & oaes Solar Timelines Rates onductors
Vertices
A 4 ¢ L4
: Internal Heat
CONVERT Linear Internal Rates
Conductors Power > SINDA
Vertex (Coordinates Profile
k {i’ A 4 >
PGNUPLOT Nodes & Linear Conductors Node| Temperatures
PGNUPLOT
(®) Surface Node Plots () Reduction/Conversion Process Examples on Next 5 Slides
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* Render Engine Polygons Selected and

Reduced for Forward Chassis Thermal Model '

-
. D:\ROVERVurovathermal_model\cruncheridon_modelirover\forward\open\open.lwo

[ ——— ———————

CENTER CHASSIS
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File Tools View Help

Objects list
B8 @ 601_-_battery 2 .
B0 602_-_battery 1
R @ 602_-_battery 1
) 603 - spu
i @ 603_-_spu
- BAES) 606 -_dee
L@ 606_-_dce
BRI B08_-_battery_cover outside-ope
D€ D 608_-_battery_cover_outside-
[XI3 6081-battery_cover_inside-open
B8 @ 6081 battery_cover inside-op
[X)‘ 609-_battery_cover_outside-oper
i @ 609-_battery_cover_outside-o
X3 6091-_battery_cover_inside-open
L B @ 6091-_battery_cover_inside-o
B3l 611-_battery_cover_outside-oper
L B @ 611-_battery_cover_outside-a
=3l 6111-_battery_cover_inside-open
i B0 @ 6111 battery_cover_inside-o
I3 701_-_top
L@ 701- top
B3 702_- front
L@ 702_- front
B3 702 -_left sice
LR @ 703_-_left_side
B 704_-_right _side
LB @ 704_-_right_side
B3 705__bottom_(fud)
L& @ 705_-_bottom_(fwd)
[RI3 706_-_bottom_aft_sides
L@ 706_-_bottom_aft_sides
B3 707__back
L& @ 707 - back
I 801_-_lcru_radiator_(65_percent)
R @ 801_-_lcru_radiator_(65_perce

1 RIS AND - Lo radiatar (35 ner-en 4l
< ] = e
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Materials list

3D Web Browser Used to Select
Forward Chassis Model Nodes

Polygon Cruncher Used to
Reduce Number of
Triangular Polygons

A 4

TFAWS 2014 —

28 (&l «vw PO FRY @O @O [F v M

FORWARD

:.—.MIVE CONTROLLER
ELECTRONICS

L e e o o - -

[l Polygon Cruncher 12.03 (x64 bits) - License registersd and activated

REAR CHASSIS

REAR STEERING
MOTOR AND GEAR

REDUCER
STEERING ACTUATOR
ARM (TYP)

OWER

TORS1ON

BAR (TYP)

UPPER TORS[OW
BAR (TYP)

File Tools View Help
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Optimization | Selection | Advanced
=) X 601 _-_battery 2 o~
[ Freeze Selection

[ Freeze Invert Selection
Statistics
[ 602_-_battery_1

[ Freeze Selection

[1 Freeze Invert Selection
Statistics
(%] 603_-_spu

[ Freeze Selection

[ Freeze Invert Selection
Statistics
(%] 606_-_dce

[ Freeze Selection

[ Freeze Invert Selection
Statistics
[X] 6081 -battery_cover_inside-open

[ Freeze Selection

[

[ Freeze Invert Selection
Statistics
[¢] 608_-_battery_cover_outside-open
[ Freeze Selection
[ Freeze Invert Selection
Statistics o

— Optimizat

Progiessive Optimization [] Auto Calculate

Points: 16353 /53724
Faces: 26724 /97853
72.69 % opinized
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588008
5868008
580008

68

106008
2000

1800

Coordinate Rotations for
Variable Solar Orientation

RML 3
L Coutput only
" RYZ (points an n

point
f
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CONVERT Provides TRASYS
Trapezoids for Calculating
Radiation Conductors, and —

Correspondence to Combine

Polygons for Surface Nodes
Heat Rates, and Areas,

Allows Mirroring for
Symmetrical Mobility L
Subsystems and

| 701_out.obj - Notepa:ii

[ Fite Edit Format
# 701 _out.obj created by IVREAD.

View Help

# original data in 701.o0bj.

Group001

0.185530 -0.639192 -0.355888 1.00000

0.187721 -0.649190 -0.357875 1.00000
y 0.185650 -0.647000 -0.363044 1.00000

0.183367 -0.638798 -0.362232 1.00000

4//1 3//2 2//3 1//4

3//5 6//6 5//7 2//8

6//9 8//10 7//11 5//12

1//13 2//14 1 15 9//16

2//17 5//18 11//19 10//20

5//21 7//22 12//23 11//24

9//25 10//26 14//27 13//28

10//29 11//30 15//31 14//32

11//33 12//34 16//35 15//36

15//37 16//38 17//39

IVREAD Converts
Reduced Polygon “Faces”
«—— and “Vertices” to “.obj”
Readable Ascii Format

Forward Chassis Surface Model

HEAD;
s

HEADER OPTIONS DATA
TITLE LUROVA

MODEL = LUROVA
RSO

ER SURFACE DATA

SURFN
TYPE

= 601001

0, 0.90
, =3.09466863 ,
, —2.37285924 ,
. —3.09466863 ,
. —3.09466863 ,

.89315426
.89315426
.89315426
0.89315426

HEA!
FIG

DER CORRESPONDENCE DATA
LUROVA
601 =
601001, 601002
602 =
602001, 602002
603 =
603001, 603002
606 =
606001, 606002, 606003, 606004
608 =

s = 601002 608001,608002,608003,608004,608005,608006,608007,
TYPE = TRAP 608008,608009,608010
ACTIVE = 0P 609 =
PROP = 0.90, 0.90
P1 = -0.46338487 , -2.37285924 , -0.89315426 609001, 605002, 605003, 609004, 609005, 609006, 605007,
22 5 hoanaliods « 2. 37205991 . =0 0931 3420 609008, 609009, 609010, 609011, 609012, 609013, 609014,
= hldcsinant . _2iaiAEsezs . —b.a53icazE 609015, 609016, 609017, 609018, 609019, 609020, 609021,
609022,609023,609024,609025, 609026, 605027,609028,
= = e 6095029,609030,609031,609032,609033,609034,609035,
N ™ = wmph 609036,609037,609038, 609039, 6095040,609041,609042
A = ToP 610 =
i P il — 610001, 610002, 610003, 610004, 610005, 610006, 610007,
o5 S Tiiiiesiv . 5 0Waie5Td -\ 0. Bi0SEILs 610008, 610009, 610010, 610011, 610012, 610013, 610014,
P3 = 1.61763108 , -2.38128114 , 4096255 610015,610016,610017,610018,610019,610020,610021,
Mgy et mAIBIaRIIS m m0RqRReass 610022, 610023, 610024, 610025, 610026, 610027, 610028,
N§Y= 1 610029,610030,610031,610032,610033,610034,610035
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« Surface Plot Programs Provide Visual Verification for R/C Processed
Forward Chassis Surface Nodes
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using TRASYS PLOT
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« TRASYS Calculated Forward Chassis Node Heat Rates Verified
i ‘//—\ -] /ﬁa\\ ————
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: B
x % 1o
ime (hours) Sunset Sunrise Time (hours)
- _Lunar Noon I
- L D .
- | /4\//./ / /\\ SURFP subroutine used for heat
ol N AN rates with all surfaces dust L R
) / / /
w | TN \\/ | N covered (o, = 0.9)
: I ) /, \‘ ;f\J\\ ! \\
S':A 20 - /7// . \ /‘ \_J A\
g | ///” \/ T \\\ Rover
S | // N Sunrise
Eowf A/ Radiator Nodes \
L w t i/ / (open covers) \ \\
m A/ AN
i/ N
w0 //// Radiator Nodes \ \
: - // /f;y// (closed covers) \\‘ \\\\\
wl [ [ A\
Y AR
NS/ S S v I N S I HAN
Sunrise Time (hours) Sunset

TFAWS 2014 — August 4 -8, 2014

Lunar Module (LM)



150

100

Temperature — deg. F
g g ° g

g

-250

Next Step is to Compile SINDA Model to Compare with 19 Node Mission Model
- Recently Used for NASA Nightrover Centennial Challenge for Energy Storage

Apollo 17 Last EVA and After
= LA +249 deg. F for Latitude = 20.16 N FH

)
. . /g Insulated with )
Survival Power Required for 60 deg.F -~ / _ v )
I el Isolation and
37.4 watts for 53.6 kg Batteries f\\/ 4 %N

Insulated with

Covers Closed

Isolation and

247 watt-hr/kg for 354 hours nighttime

i ces SINDA Model Thermal Model Components ¢ ST ©VER BATTERY K0, 1
| CoversOpen E T
T T;::r SPACE RADIATOR
Covers |
B close

2 \
4 40%%

BATTERY NO. 1
SPU FUSIBLE MASS & THERMAL STRAP
SIGNAL PROCESSING UNIT

(SPU) (DUST COVER NOT SHOMN)
BATTERY NO, 2

DUST COVER,BATTERY NO. 2

INSULATION BLANKET
15 LAYERS OF
ALUMINIZED MYLAR
AND NYLON NETTING
WITH BETA CLOTH
EXTERNAL SURFACES
GYRO THERMAL STRAP

UARTER

/ Nighttime

i | No Survival

Sunset - Sunrise Power
-281 deg. F for Latitude=20.16N -3 .+ T TT———————— |
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Future Plans for LUROVA 5A

 Use Successful R/C Process to Add Rover Center and Aft Model Sections

« Complete Interactive SINDA Thermal Model for Book and DVD Simulation
— Driving with Astronauts, and Parked with Covers Closed/Open and LM

 Use R/C Process for LM/CSM Transportation Phase Model

Passive
Thermal Control PTC - Solar
__(PTC) i Heating omf 3
Barbeque Simulation /]
Rotation

(3 revs/hr)

« Expand “Additive Manufacturing” 3D Model for Student Awards

Printed Rover Forward
Chassis Model
Created Using MSFC
3D Printer

NASA/MSFC Sponsoring
3D Printer for ISS
Experiments

« Continue STEM Student Lectures and Support to Human Exploration
Rover Challenge (formerly Moonbuggy Races)
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